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This is a Ubrar~ Circulating Cop~ I which rna~ be borrowed for two weeks. For a personal retention cop~, call ~ Tech. Info. Diu is ion, Ext. 6782 It is now widely recognized that a deterministic equation of evolution, representing a dynamical system, may have chaotic solutions. A family of such solutions may be interpreted as the set of realizations of a random process.
Concepts from the theory of random processes may thus be carried over to the study of chaotic orbits of a deterministic system. In this paper we examine one such concept, the joint probability for two events separated by a time-interval '.
A basic postulate in this theory is asymptotic statistical independence: that as ' -+ oo, events become independent. It is widely believed that the decay of dependence with' should be exponential. However, there is no theory for this, to our knowledge, nor predictions for the decay rate.
In this paper we present numerical evidence for exponential decay and values for the decay exponent v, for two dynamical systems: the iterated area-preserving mappings of Chirikov 1 and of Rannou. 2 on heuristic grounds, it has been felt that there should be a relation between the decay exponent v and the Liapunov characteristic exponent A; but again there is as yet no theory. In the present paper, we report on numerical tests for the relation between these two exponents. Here we study the maps Tc and TR' due to Chi.rikov and Rannou, respectively. These are area-preserving maps of a two-torus onto itself, and depend on a single parameter K. The coordinates of x are denoted by p,q (mod 2~); i.e., 0 ~ p,q < 2~.
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Tc: p' = p + K sin q The t'th digit thus identifies the cell visited at time t.
Now we identify the set of cells \'lith an event space in probability theory. Then Pj• the probability of event j, is the relative fre- He observe that O;j{T) + 0 as T + co, and examine the T-dependence.
In Fig. 1 , we display O;j vs T, for (i=9, j=O), K=7.5, initial state as above, and an orbit of length t = 1.5 x 10 6 • Since there are A 2 = 100 pairs (i,j), the expected error due to the finite orbit is (t/100)-1 1 2 ; this is indicated by the error bar.
vie note that O;j falls off significantly more rapidly for the
Rannou map (---) than for the Chirikov map (---)
. This is found for all A 2 pairs (i ,j). H01r1ever. the oscillations dominate the fall-off for small T, while the finite-sample error affects the large T behavior. Hence. to determine the asymptotic (T +co) behavior. we next average over a11 A 2 pairs, by forming the root-mean-square statistical dependence Q{T):
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This is exhibited in Fig. 2 ; the finite-sample expected error We have examined this ratio for a range of parameters: 5 < K < 15.
We have found that the ratio r = v/A is roughly independent of K for each map, but the two maps have significantly different ratios: rc = 0.25 ~ 0.05, rR = 0.50 + 0.05.
Rannou suggested 2 that the qualitative difference between her map and Chirikov's is due to the symmetry properties of the latter. This explanation seems reasonable to us.
We defer to a longer pub 1 i cation 4 discussions of sample error and round-off error, the question of time reversal, the dependence on the partition, studies of three-point probabilities and the Markov property, and the relation of statistical dependence to correlation functions. 
